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ABSTRACT 

t4iophmn B mJftNA is overexprcsscd in -70% at 
breast tumors and shows a high degree Of correlation with 
ihc mRNA expression prpfile of mammnglobln. This Is fur- 
ther supported by the rcceo* Onding that, like other mem- 
bers of the swretoglobuttn-uteroglobin family, mammaglo- 
bin and lipopbilin B form a hetoroduplex. The studies 
described show thM there ore pre-existing ftntibodies to 
lipophiUn B peptide: In the sera of breast cancer patients 
with different stages »iid grade of tumor and that thts 
response is diiTcrent from that seen to recombinant mam- 
niaglobin and native mammaglobin-4ipophain B complex. 
The highest titers were observed in later stage tumors, Jn 
addition, low levcU of antibody w«re also seen lu some 
patients with prostate and ovarian cancers, consistent wtth 
lipophiUn B mRNA expression in tb«e tumors at lower 
abundance than in breast tumors. In contrtist, lipophHid B 
antibodies were absent in 20 healthy donor sera and 30 lung 
cancer sera. A polymorphism identified in Lipophilic B did 
not appear to Influence human sera reactivity. The data 
Indicate that humoral immune responses to lipopbllin B may 
serve as a diagnostic Indicator, particularly for breast 
cancer. 

INTRODUCTION 

Humoral immunity to breast cancer antigens has been 
studied by several fifoups m an aUempt to relate the presence of 
pre-existing antibodies to a possible outcofme of disease pro- 
eression or to relate to the original antigen status of the lumor, 
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dnj5 providing direction for therapeutic torgetine- Antibodies 
have been observed to ^^-Uned m scia from patients with 
bicast tumors, particularly in early etage tumors- The incidence 
of such wiiihodies is higher in cues of tumors thai were iden- 
tified at the time of diagnosis as having present tti 

the xumor v^sus those not expressing tiiifi antigen (1-6). Such 
antibodies have also been identified in sera of other tumor types 
(1-3). The presence of HER-2/nCTi; in the primOTy tumor or the 
presence of antibodies Has also played on important role in 
identifying paticnis tiiat may be i?>sponsive to h^atmcnt wilh 
Herceptin, a monoclonal antibo4y specific for 
Monitotiag for the presence of the exnaccllular domam of 
HER-2/fla< chculating in serum is also used to monitor therapy 
(5). Antibodies to p53 and a relaued femily member p73 have 
abo been observed in serum of breast cancer patienis and are 
indicative of poor proenosi& (7-10). and studies have also dem- 
onstmted autoimmunity to MUC-Ii (1 1-14) ht:ai shock protems 
(13-15), maUgnitt (1(5), and Sialyi Tn (17). Serological expres- 
sion clonine using sera from brci^st cancer patienis and phage- 
displayed cDNA libraries have also been used lo define antigens 
that participate in tiie immmiei rissponsc to breast tumors 
(18-20), 

Humoral immunity to a spdCific aniigen m brcefit cancer 
can provide prognostic infoimation but can also identify indi- 
viduals capable of mounting an iniraune response tp dial antigen 
and identifying patienis who might benefit fioin vaccine treat- 
ments that target the specific antigen (18-20). Lipophilins and 
mammaglobiii6 arc members of the uteroglobin feuiily, and 
mammaelobia has been shown toTie hishly breast tissae specific 
(2i_24). More recently, Upophilin B, which Is also present m 
breast tissue and other tissues, has been identified as Forming a 
complex witii mammaelQ^m tto is potentially secreted into 
serum (25, 26). This study investigates tiio presence of antibod- 
ies to xecoirhinani mammaglobin, native mammaglobin- 
Upophilin B complex, and Itpopbilin B in sera from patients wUh 
breast cancer at difieicrt siagcS'of disease, as well as in other 
cancers and hcaltiiy donor sera tq determine the profiaostic 
utility of such antibodies- 

MATERIALS AND METHODS 

Patient Samples. Sera were obtained from 74 breast 
cancer patients with various stfagea of disease progression, as 
wcU as from 26 ovarian, 30 endometrial, 39 prostate, and 30 
lung cancer patients (Samplcx. WcsUake Village, CA, and Life- 
blood, Memphis, TN). 

Healthy Donor Sefa. T^^^emy healtixy donor $era were 
obtained from Boston Biomcdida, Ine. (West Bridgcwaier, MA), 
as well as from volimteer donors ai Corijca Corp. (Seattie. WA). 

Peptides. Mamre lipoplidlin B ic a 69 amino add peptide 
and was syntiiesizcd witii Fmoc chemistry using 2-(lH^enzo- 
tria3ol-l-yl)-l,l,3.5-^ctrtimetiiy5utoniuTn hexaflurophosphate on 
a Pioneer peptide synthesiser (PE Biosystems, Foster City, CA). 
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fci«nt cuflccra. Scattergram of reactivity v/iA srta 
fion^ brtasi, ovaiian, endometrial, pioswits, iiii4 
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The peptiafi was cl»ved from the solid support vStng Blnndaid 
pnicedimss ;ind purified by leversc phase high-pcrform^^ 
Uquid chromatography on a CIS column (Vydac), V5iug *i gra- 
dient Of 5^60% ftcetonitrilc (coniaining 0.05% trifluoioacetic 
acid) In water (contoitmig 0.05% trifluoroacetic acid). Hie pu- 
rified peptide was lyophilized and charactenzed by matnx- 
assistod desorprion iomzation masB spectrometry before use. 

RcconibliKtnt Miunmnglobid. Hficombinant m^mma- 
globia cxp^^ssed in EMchia coiL cDNA «>"f 
the fuU-leagth mature Tnainmaglobin with CC^OH- 
tenninal His-Tags v*re subcioned into a modified pET 28 
vector (27). The construct was then transformed mto bi^/i 
pLysS £. co/j (27) and grown in culture in the presence of 
Uamyciri and chloramphenicol before inducing w«fa iso- 
propyl-p-D-ihiogalactoside. Recortibbuint proiein was puri- 
fied with mckcl affinity chroraalogiuphy u^ing ^ imidazole 
gfadicpt- 

MammaiiloMii/Lipophilin B Complex. Native iDfim- 
maglobinilipophtlln B complete was isolated from 5upcip£itants 
obtained from MDA-MB415 ccUs grown m seiurt-frcc media 

ElA.^ For detection of human lipophilin B antibody 
responses, 96-welI microtiter plates (Coming Costar Cam- 
bridge. MA) were cowed ovemigbt at 4-C with hpophilm B 
peptide (1 jJ.g/well). recombinant mammagiobin (200 ng/ 
well) or purified native mammaglobinAipopbilia 6 complex 
(300 ng/well). Plates were then aspirated and blocked with 
PBS containing 5% nonfat milk for 2 h at room temp^^at^^^; 
Tbis was followed by washing in PBST. Scrum (1/100) 



3 The ftbbfcviuiiona used arc: F-IA. enxytnc jmmmioaasay; PBSt, PBS 
containing 0.1% Tween 26. 



dilution ii> PBS containing 5% nonf^^t dried milk w^s added 
to ^ells and incubated for 2 h at room temperature. This 
followed by washing six times with PBST and then incubat- 
mg with protein A-horsertidlsh peroxidase conjugate ax a 
1/20 000 dilution in PBST with.'O.iyo BSA (Sigma Chemical 
Co 'st Louis, MO) for 1 h. Plate$ were then washed six 
times in PBST and incubated with leiramethylbenzidine sub- 
ftlratc (Kirkcgaard and Peny. Gaither^burg, MD) for 15 mm. 
The lenction was stopped by the addition of 1 u sulftinc acid, 
and plates were read at 450 nm using an P^^^J^^^ 
(Model ElxSOOi Biotek Instrmaeuts, Hyland Park, VA). The 
cutoff for assays was determiited from the meatn absorbancc 
Of the negative population plus three SDs of the mean. The 
signal to cutoff was determined from the ratio oFthc sample 
ETA absorbancc valne to the atoff- To determine titer serum 
m the assays, wc used a dilution of 1/50-1/6,400. 

Quantitative Real-time i?CR of LipophUin B, Breast 
tumors, ovaiian tumors, and ptostate tumora. along wtdi their 
corresponding normal tissue ^ind other normal tissues were 
tested in quantitative (real tiine) PGR- This was performed on a 
GeneAmp 5700-sequencc detcclion system (P£ Biosysteins) 

using the SYBR green -^^^^yf^V't'^^^^ 
litMJohilin B dctecrion were: forward 5 -TGCCCCTCCG- 
GaIgCT-S'; and W -v^e: r-CGTrrCTGAAGGGA- 
CATCTGATC-3'. A standard airve is generated for the house- 
keeping gene Mctin, ranginglfrom 200 to 2000 pg to caable 
normaU^tion to a constnnt amomit of ^-aeiiii. This allows the 
evaluaiion of the ovctexpression levels seen in different mmor 

Antibodies. A mouse (2D3) monoclonal antibody was 
made to recombinant mamm^globm using conventional meth- 
odn A rabbit polyclonal was prepared ro lipophilm B, aS well as 
(he luammaglobin-lipophilin p complex isolated from MB415 
cell line fiupcmarants. 
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/^i^. 5 Tlxcn for iipophiiin B aniibody-posiUvc bh* in iscagc IV breasi 
tumors (n = stoge l-lll breasi tumofs (u ^ 7). and healthy donor 
sera (M » 7), the data show the mean £IA ahsotboAOQ voltus :^SG oi 
different dilUUOius for the indiWdual $era. 



Ttible J Breast caaccr sera and antibody respooiies to recooibiiiant 
mannnaeiobin and native mai»maglot>in complex 





Titfgct anii^cn 


Mamzn3g1obin 


Nalive complex 


BraaHl cumor atagt I 


I/IO 


1/10 


Siagc n 


5/21 


2/21 


ScaBcIIt 


0/S 


0/8 


Stage IV 


0/35 


8/35 


Healthy donors 


0/20 


0/20 



RESULTS 

LipophUid B-spccifie ADlibodics in Sera of Breast CaA" 
ccr f'alientji. Studies weic performfid to detenu ine ib& pres- 
ence of antibodies to rccombiTiaat mammaglofaia, the native 
complex of inamniaglobiii and UpophiliD B, and frcft Upophilin 
B peptide in the seru of bre^t cancer p&iiente- Di£Fe:feutial 
responses were obscnred fa all three cases. ATiubodi^s to the 
lipophilin B synthetic peptide were observed in 20 of 74 sera 
from breast cancer paneists. Of the stage IV breast cancer sera 
tested, 13 of 35 were positive for antibodies to lipopliilin B, as 
shown in Fig. 1 , with indicauons of increased antibody titer in 
later stage tumors (Fig. 2). The presence of lo»fer taier antibod- 
ies in earlier st^ge tumors is also $ho>vn in Fifi:urc L In contrast, 
weak immune cespcnscs were seen in some sera from breast 
cflncer patients with niammagiobin and native complex but in 
different sera than thoite reaciLvc to the synthetic lipophitin 5 
peptide (Table i). 

Higher titer antibodies to lipophilin B were shown to be 
more prevalent in late stage tumors with 13 of 35 stage TV 
tumois exhibiting antibodies, some of which had tilers of >1; 
lOOO. Fig, 2 shows the titration curve for healthy donor sera 



Table 2 t-ipopbUa B mRNA expTc^'sion in nonnal and cancer 
(igauea detftmuggd by quanljiative PCR° 



Tissue 


n 


Mkui copies/Dg ^-acdn 


Poalivc 


Btcbsi tumor 


25 


3393.4 i: 12724,5 


10 


Bicasl nonnft] 


4 


175.; i 197.4 


2 


Ovarian minor 


22 


275.1 457.5 


12 


Ovariun normal 


5 


2lX i 33.0 


D 




24 


98.^ i 126.9 


7 


Prostate nonsal 


4 


87i ± 63,3 


J 


Colon hunor 


26 


0.37 ±0.71 


0 


Colen zioriYial 


7 


0.89 ± 0.79 


0 


Skin 


4 


2)9915 ±2565.P 


3 


Sk«Utal muscle 


3 


686i7 ± 913,3 


2 


Salivary gland 


2 


249*^5:!: 3493 ,S 


1 


Adteual 


2 


12i8± 161.3 


1 




2 


120.1 ± I14.S 


I 


All other Lismes 


60 


14.3 ± 23.2 


2 



*Cut ofl; roam nonnals + 3 SD ^ S3.7. 



(n = 7)j stage I-in antibody-positive sisra (« =3 7), and siage TV 
antibody-positive sera {n =» 13). This clearly demonstrates the 
increased titer in sera from stage IV patients 9$ compared with 
earlier stages of breast cancer. 

i^ipophilla B Antibodies in Othor Cuncers and Normal 
Donors. Sera from patienis with ovarian, prostate, and limg 
cancer were also tested for the presence of lipophilin B anti- 
bodies. Low titer antibodies were iseen in sera from 5 of 26, 1 of 
30, and 3 of 39 ovarian, endomeuial, and prostate cancer pa- 
tients, respectively. Of 30 hine cancer patient sera tested, only \ 
showed a borderline response (flignai/eutoflt 1.23). The mean 
si^l to cutoff values for the 6 positive ovarian tumors ranged 
from 1.03 to 3. J as compared wife 1.07-3936 for breast cancer 
sera. 

No antibody response to lipophilin B alone, completed 
with mommaglobin or to free recombinant manfizpaglobin, was 
observed in 20 sera from normal donors, fonher supporting the 
specific remorse to lipophilin kB observed in breast cancer 
patients. 

niRNA Expression in Bm^t, Ovarian, and Prostate 
Tumors. Lipopliilin B exhibits an mKNA profile in breast 
himors eimilar to mammaglobbf, and although tx)th share some 
mRNA expression in skin and (salivary gland, lipophilin B is 
al£io eTtpressed in slccletal nniscle, adrenal gland, eaitilage, and 
retina (Table 2). However, iinlilie mammaglobin that is specific 
for breast mmors, lipoj^ilin H is also expressed at ~ 10-fold 
lower levels in ovarian cancers and prostate cancers- No cscpres- 
sion of lipophilin 6 was detected in colon mmors (Tabic 2). 
Both lipophilin B asd mammagiobin had similar mRI^ A eicpres- 
sion profiles in 3 mmor cell fine panels comprised of breast, 
prostate, ovarian, and colon cell lines (diita not shown). On this 
panel, both Upopbilin B and martunaglobin had mRNA levels 
elcvflied in MDA-MB415 (+ + + + +), BT474 and 
SKBR-3 (+) cells with relatively similar expression profiles. 
Lipephilin B mRNA was expressed at a low level in LNCaF 
prostate cancer-derived cellfi. • 

Polymorphism of Lipophilin B. Because of die disul- 
fide linkages berween mamm^lobin and lipophilin B, the anal- 
ysis of cDNA polymorphisms in lipophilin B was fitiidied to 
detenpine their potential iinpafct on antibody responses in breasi 
cancer paitents (55, 26). 
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Peptide ID 



EfCPALVSELLDFfF 

lldfffiseplfkls 

plfklslakfdappe 

PLFKLSLAKfDAPLE 

FDAFLEAVAAICLGVK 

DQMSLQKHSLI AEVL 



I 

2 

3A 

3B 

4A 

4B 

5 

6 



/y^gj, i Sequences of the ovcr- 
lijjpmg synshcdc p«pude» used 
m the epitope muppine of li- 
jiophilui B polymofphfl. 



2.50 



p^f; 4 Reactivity of the indivi<Kial pep- 
tides in £IA using rabbit anliUpophilm B 
antibody and hitman bteast caiwcr sera 
(fltage TV) *nd iwjfnnal 




Q.0O 




3PfO 



3Leu 



APro 
Peptide ID 



4Lev. 



The polymorphism study focused primarily on c£?N A fioin 
primary and metastatic br^t tiimorB. Briefly, th. ^PP^^.^l^^^ 

Terete .utfile^.i.ai.dcd cDNA ^-^Jl'lc^^^^ 
ftom e^h tumor. Thi. was used as ^ template fot PGR atn^ - 
fication of lipophilin B fienc^ The mmors used ^ijHe amilysis 
had been sho^^ pr^ously lo express Upophihn B mRNA by 
quantitaUve PGR. Lipophiliii B primers we selected oatside Of 
ie legioa ex.«)diiie xhc opeu readme fr^^e 50 xb.t sequence 
vailams wiihia ^tid adjaccnL to the codmg region could be 
detected. Primers were deaigned ouuide the region encoding the 
open reading frame excepting tb« the y P^"^ ^^^^^J*^ f ^^f 
the region encoding thc= signal sequence, attributable to the 
constraints of the 5' imxransW region sequence on primer 
desieu^ This enabled sequence variant* within and adjacent to 
the Sding region lo be deieeled. Each amplification of lipopKi- 
lii, B wa. performed with plaque-forming imrt polymerase to 
litnit to a minimum the introduction of PCR-induccd sequence 
valiants. Each of the PGR amplifications was subcloncd. and 
f^ve independent cJones were subjected to DKA sequence BnP^ 
ysis. Both Strands were sequenced to reduce the posfiibihty of 

soQuencing errors. 

Twenty treast tnmors (1 1 mrtnstttic »t)d 9 primBry) wc 
used in tiiis study, along with n single nonDid breast saTnpte. The 
toy fuidings for the analysis of the lipophilm B sequraiiee 
vmants were that a »«i|lo prevaient sequence valient resulted in 
a C-T trwisition at bp 158, resulting m a F-^Unc l*™'"* 
Changs at the amiiio aeid level. Eleven of lie 20 tumors ana- 
hrzed cjntainod some cDNAs with this sequence vanairt. 

Epitope Mnpping <rf LlpophiBD B Relative t* Known 
Polymorphistns. Several overlflpping peptides were ^the- 
,ized that spanned the fUU-length Upophilin B sequence (Hg. 3). 



ThU included peptides that represented the l^'^* 
change. All of these peptides were tested « blA vnth a i»bbit 
Dolyelcmal antisera made to the proline version aad haman 
bSScer sera to pinpoint the epitopes. K<*bit wt'hn 
B reacted specifically with the COOH-lermiDal peptide 7 but 
was alRO reactive v/ith peptides in and around ±c region whci« 
the proline to leucine polymoqihisin occtirs wiih pepudes 3A 
^ B bemg reactive, as weU -,33 4A (Fig. H««an ^™ 
reactivity, however, appeared to be located mpcpcufc 5 bu^th 
less oVMall.teaetivity than the fiilUeneth hpophdin B peptide 
(Fie 5i Such a response shouUitheiefore be largely independ- 
ent of sequence variation ocetmang at upBtream si«s (peptdes 
3 A and B). This i« consistent with the model. On the basis of tne 
moleeular model of the complsx (26), the polymoiphiso is not 
located near the hydrophobic binding catvity. Raihet, .t is pre- 
dicted to be in a loop connectingttwo a helices and at the sutftoo 
of die molecule. The proline inithc more abundant fonn likely 
assists in creatine this loop but is not critical, because there Is a 
second proluio a^laceni to the polymorphism 

Antit»ody Hcspoi.*£s to ^ntmaEloblii, Complex, -nil 
Lipophilin B. The human antibody response to fte mamma- 
globin-lipophilta B complfflt orrecombinant mamnjaglobm 
also frequently difltient from tttai seen with l^iophilin B. In Fig. 
6, a monoclonal antibody 2D3 iraised to the recombhiant mam- 
maglobin only reacted with the recombinant and i«)t to the 
ualWe complex or lipophllin,B. in contrast, the polyclonal 
autieomplex antibody reacted yhh both the recombinant rnam- 
maelobin and the complex bttt:not lipophUin B. The polyclonal 
antibody to lipophilin B reactbd with the complcjc. as well as 
lipopbilin B but not recombinant mammaglobin. In human 
breast cancer seta, very little antibody response was seen to 
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Fig. 5 Reactivity of the ipdiYldual peptidfiii in 
ElA using human bccaal cancer sera (stage IV) 
sad nonnal sera. 
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Fis C OA reaCtJviry of rccombinWH miimniEiBlobiTi^ivc oomplcx, 
BxS'lipophilin B widi aniibodiM and witli human sera W breast cancer 
paticmE and nomnal individual*. 

recombinant Tnammaglobin. The strongest responses were to 
UpophUin B but also to the complex. However, in mairy ca&es. 
the sera reactive with th? complex v^cre not the some us tiiosc 
rcactins to lipophilm B, implying different epitope* are in- 
volved- Examples of such reactivity arc shown m Fig. 6. 

PlSCUSSION 

EIA detected antibodies specific to hpophilm B m 27% (20 
of 74) scm from breast cancer patients. Higher titer antibodies 
with in some cases titers >1:1000, were observed m stage IV 
tiimor<i(37.l%» 13 of 35). In comtasi, only weak responses were 
observed to matnmgifilobiTi, either as a purif ed rccombmam or 
completed with lipophilin B. The strong response to lipophilm 
B and noi to the complex would also indicate that lipophilm B 
may exist in the sera of breast cancer patients in Iha free form. 
Tt inay al&o mdicaie thst in the complex, it Is folded so that it is 
not accessible. Sera that were positive for lipophilic B antibod- 
ies should also be different from those expceied to exhibit 
respgnses to HfiR-2/H<r« that tend to predominate in early stage 
tumors (4). Although some ser* were reactive with the native 
mammaglobin-lipophDm B complcjc, they tended to he differc^at 
from ihose with UpopWlin B antibodies, indicatirg the mvolve- 
ment of different epitopes. 

In the case of other cancers, although there were deiecrable 



antibody levels in several sera from ovarUn cancer patients, the 
levels were significantly less than seen in breast eoncer patients. 
Prostate and lung cancer sera had link Ot no ^gnificant miti- 
body responses to lipophilin B (fflg. 1)- The deteeiion of low 
responses to ovarian cancers is consistent with the 10-fold lower 
luRMA exprcGsion levels delectable in ovariaTi ramors than m 

breast tumors. . 

Epitope mapping of the polymorphs of hpophilin B mdi- 
caied that the predominant human antibody response was to 
peptide 5 (Fig. 3). This is in contrast to the location of epitopes 
reactmg with a rabbit polyclonal Jantibody to lipophilin B pep- 
tides 3Pro, 3Leu, 4Pro, and 7. Reactivity to peptide 5. however, 
is much weaker than seen with tijie c<.mplete lipophiUn B pic^ 
tein, indicatinfi the possibility ofieonfoimauonnl epitopes con- 
tributing to the recognition by human scKl 

In summary, there is a hlghidegrcc of correlation between 
the antibodies to lipophilin B in senim to the presence of breast 
cancer. Similar antibody rcf^ponses have been seen to other 
brea.1 cancer markers. o.g.. HER-2/nei.. The presence of anti- 
bodies to HER-2/n«^ has been hfehly indicadve of the potential 
of this protein as a tareet for imihnnothcrapy, and indeed, it has 
been targeted for monoclonal antibody Therapy and as a vaccme 
target. Many tumors, however, dlo not express HER-2/n«i. afld 
dierc is a need to identify otheri candidate aniifiens that exhibit 
humoral irsponfles in cancer patients that may be immunother- 
apeatic targets. For thU purpose, many groups have used scio- 
lofiical expression techniques to identify such antigens- Lipophi- 
lm B although eliciting an immune response, is also linked 
covalently to manunaglobin, a highly glycosylated protein thai 
may complicate its use in immunotiierapy. The presence of 
hpophilin B-spccific antibodies, in serom m^y, however, serve 
as a diagnostic mdicator of brtiist cancer 
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